Abstract We believe that there are too many models in hydrology and we should ask ourselves the question, if we are currently wasting time and effort in developing another model again instead of focusing on the development of a Community Hydrological Model. In other fields, this kind of models has been quite successful, but due to several reasons, no single community model has been developed in the field of hydrology yet. The concept, strength, and weakness of a community model were discussed at the Chapman Conference on Catchment Spatial Behaviour and Complex Organisation held in Luxembourg in September 2014. This discussion as well as our own opinions about the potential of a community models or at least the necessary discussion to establish one are debated in this commentary.
There are Too Many Models in Hydrology
This is partly because every generation of PhD students thinks they could do better, partly because there is a wide range of different types of applications with different needs in hydrology, and partly because there is no agreement on a common set of concepts for the process representations. However, many of those models are similar in structure (for both the ''bucket'' model and the ''physically based'' model cases) so that the same, or very similar, concepts have been programmed and tested over and over again. There are advantages to this when models are simple, of course, but as model and data implementations get more and more complex this could be considered a waste of community effort and resources.
In the atmospheric modeling domain, there have been initiatives to have community models, both for the atmosphere itself (e.g., CESM [Hurrell et al., 2013] and WRF [Skamarock and Klemp, 2008] ) and for the land surface boundary condition, including a representation of the hydrology (e.g., NOAH-MP within WRF [Niu et al., 2011] and CLM [Lawrence et al., 2011] ). These models have structured version release and development test bed programs. The Community Land Model (CLM) is widely used as a land surface parameterization in the hydrometeorological community but has not made much impact on the hydrological modeling community. It is not even mentioned in Beven [2012] , because it is aimed at partitioning the surface energy balance for different surfaces within a grid, rather than getting better predictions of river discharges. Indeed, it would not pass scrutiny as a satisfactory hydrological model for many hydrologists. Some models developed within the hydrological modeling community have also been released in open source form with a view to building up a large user community (e.g., SWAT, HYPE, or different model codes in R and MATLAB for HBV, TOPMODEL, or Dynamic TOPMODEL (see R codes for both models at http://cran. r-project.org) [e.g., Str€ omqvist et al., 2012; Buytaert, 2013; Fuka et al., 2014; Metcalfe et al., 2015] ), and a number of model repositories also exist (e.g., at CSDMS, http://csdms.colorado.edu).
The trend in hydrology has rather been to create even more new models, or to provide metamodeling frameworks (SUPERFLEX , FUSE [Clark et al., 2008] , FARM [Euser et al., 2013] , and SUMMA [Clark et al., 2015a] ) that allow users to combine different process representations or try many different conceptual model constructs. There has also been continuing development of physically based models built around Darcian representations of the subsurface as both open source (PARFLOW [Maxwell et al., 2014] , MODFLOW [Banta et al., 2000] , and commercial products (HYDRUS3D [ Simůnek et al., 2008] , MIKE-SHE [Refsgaard et al., 1995] , and HYDROGEOSPHERE [Therrien et al., 2010] ). In both these types of catchment model, there are commonalities in approach and structure but no real convergence to a common goal.
So What Should a Community Hydrological Model Look Like?
There have already been some attempts to define a Community Hydrological Model. There have been initiatives at large basin, national and international scales to provide integrated tools for water management, such as the Danish National Water Resources Model [Henriksen et al., 2003; Højberg et al., 2013] , the SAFRAN-ISBA-MODCOU model for France [Habets et al., 2008] , the HYPE model in Sweden [Str€ omqvist et al., 2012; Bergstrand et al., 2014] , the LARSIM model in parts of Germany [Bremicker, 2000] , the Grid to Grid model for the UK [Bell et al., 2009] , and the European Flood Awareness System (EFAS (www.efas.eu) [Thielen et al., 2009] ) now being used operationally and extended to a global system at ECMWF [Pappenberger et al., 2008] . It has been suggested that these larger-scale modeling efforts should be extended to high-resolution modeling of the whole earth system [Wood et al., 2011] . In all these cases, the grid scales used are rather large, but these initiatives are the starting point for the form of models of everywhere discussed by Beven [2007] , Beven and Alcock [2012] , and Beven et al., [ , 2014 .
There was also a series of workshops under the CUAHSI initiative led to a position paper defining the components of a Community Water Model for North America (see https://www.cuahsi.org/PageFiles/docs/ CHyMP-position-paper.pdf) based on gridded topography, parameters, meteorological inputs, and continuum process representations, structured so as to make use of large-scale computing resources [Famiglietti et al., 2011] . This is now not being implemented, but effort has gone into improving the hydrological component of the Community Land Model (CLM) that is aimed at providing a land surface parameterization for gridded atmospheric circulation models.
Is this what a community model should look like? Many hydrologists would probably agree that the computationally constrained grid scales derived from atmospheric models or the finer grids proposed for ''hyperresolution'' earth system models are far too large to properly represent the complexity of responses at hillslope and small catchment scales. They would also agree that a model structure organized by hillslopes and catchments would be better than a raster grid-based approach (the form of model discretization may actually be rather important, see Smith et al. [2013] ). Just as in atmospheric models, however, it would be possible to nest finer element models within a larger catchment structure to provide more detailed simulations, and much better model visualizations, at local scales. It would, as in atmospheric models, also be possible to allow the subelement process parameterizations to vary with scale, bringing in more detail as the discretization gets finer. The SUMMA framework of Clark et al. [2015a Clark et al. [ , 2015b is one example of how a nested response unit system of arbitrary shapes can be implemented. As pointed out already by Reggiani et al. [1999 Reggiani et al. [ , 2000 in formulating the Representative Elementary Watershed modeling framework, mass, energy, and momentum balance equations can be applied at any discretization scale. The difficulty is then in defining appropriate scale-dependent closure schemes for the boundary fluxes for that discretization [Beven, 2006] .
The point we want to make here, however, is that how a Community Model is structured may not actually be so important. What needs to change is the way that hydrological processes are represented at different scales in a Community Model structure. There is no common agreement on what process representations should look like and, strangely, this does not currently appear to attracting much attention or discussion. We would suggest that the most important aspect of a Community Hydrological Modeling initiative should be to instigate such a discussion, test the potential alternatives, understand their domain of applicability, and agree on a formulation, before such a model is released for general use. We feel that this would help advance the science of hydrology, as well as encouraging a spirit of community and providing a tool for practical applications.
Agility of such a system would be an issue [see Mendoza et al., 2015] . If, as suggested below, modeling becomes as much a learning process about the paticularities of places as about process representations, then the system would need to be agile in the sense of learning from feedback from applications and in being programmed so that such learning can be incorporated with minimal effort. different backgrounds contributed to the discussions, raising a number of issues. Most agreed that it would be valuable to have common standards and protocols for the data needed to set up and run models. It is also important to have metadata on how the data have been collected, quality assured, and their associated uncertainties. It was felt that it would be very useful to have benchmark data sets for different types of hydrological regimes that could be used in comparing models [see, e.g., Newman et al., 2014] . Some examples of this exist already, for example, the data sets prepared for the DMIP project (http://www.nws.noaa. gov/oh/hrl/dmip) for comparing the results of different distributed hydrological models [Mizukami and Smith, 2012] , but it would be useful to have additional data sets that also included environmental tracer data (e.g., stable water isotopes) for the evaluation of travel and residence time predictions.
Discussions at the Chapman Conference in Luxembourg
One of the issues here is that existing data standards and ease of availability currently vary between countries, sometimes between regions within countries, often between different responsible agencies, and certainly between different research projects collecting data. There are moves toward promoting the type of international standardization that has been achieved within the meteorological community (e.g., CUAHSI-HIS [Peckham and Goodall, 2013] and OpenMI [Gregersen et al., 2007] ), but the global-scale drivers for atmospheric models do not apply to local applications of hydrological models so progress is likely to be slow. There was also some agreement that it would be useful to provide good numerical solution algorithms within such a framework, regardless of what model components might be used, and to provide output metadata to rigorously defined standards so that other models depending on hydrological outputs (such as for sediment transport, water quality, or atmospheric boundary layer fluxes) can readily use those outputs.
Can We Agree on the Modeling Concepts?
There seemed to be less agreement about whether hydrologists would be able to agree on the modeling concepts that might be used in such a Community Hydrological Model. There are many hydrological modelers and practitioners committed to using simple modeling approaches; there are many applications that do not require large complex models; there are some processes for which we have no generally accepted or adequate representations; there are issues of characterization and of time variability of parameter values; and issues of satisfying needs for transport as well as flow or state (e.g., soil moisture content, groundwater level) predictions. It is interesting to speculate about whether a larger group of hydrologists (both modelers and experimentalists) would at least be able to agree on a perceptual model of the processes that would need to be included in a community model of everywhere (and whether any of the existing community modeling initiatives are consistent with that perceptual model). Given such an agreement, we suspect that there might be less agreement about how those processes might be best represented or how to test different competing representations. Different hydrologists will have different ideas about what is important; different hydrological regimes and climate regions might require different model functionality. This could also depend on the types of data available to a particular application, so that any community modeling framework would need to allow for potentially alternative process representations. Some work on how to provide for linkages between components has already been carried out under the OpenMI initiative [e.g., Gregersen et al., 2007] .
But perhaps the most important issue is whether the community might be satisfied to work within the type of continuum differential equation approach that has been the basis for the Community Hydrological Models proposed to date [e.g., Famiglietti et al., 2011] . This essentially follows the Freeze and Harlan [1969] blueprint that has been criticized within the hydrological modeling community at least since Beven [1989] . We can appreciate that the continuum differential equation approach fits well with the equations of fluid dynamics that are used elsewhere in earth surface system modeling, but virtually every tracing experiment in the saturated and particularly the unsaturated zone in hydrology demonstrates that at any feasible discretization scale, hydrology in the unsaturated zone does not follow a gradient-based continuum approach at any scales of hydrological interest [Beven, 2014] . Such experiments show that preferential flows are ubiquitous in soils and hillslopes [e.g., Flury et al., 1994; Weiler and Naef, 2003; Blume et al., 2009; Bachmair and Weiler, 2011] . At the scales of interest, of course, it is only necessary to integrate to the bulk fluxes between elements, but clearly no continuum gradient exists at that scale. Effectively the soil physics of the continuum Richards equation is based on the wrong experiment [Beven and Germann, 2013; Beven, 2014] . It might be the case that a gradient-based approach might be justified in the saturated zone, but even this might not actually be the case in the case of heterogeneous stony weathered regolith or botanical or faunal pathways with significant secondary porosity and local pockets of saturated conditions where connectivity might be an issue in the larger-scale response [Jencso et al., 2010; Bachmair and Weiler, 2013; Band et al., 2014] . Also Zehe et al.
[2014] discussed ideas to link spatial organization of botanical and faunal patterns and hydrological functioning at the mesoscale in a thermodynamically consistent model framework.
This is not to say that the community could not seek to provide more acceptable subgrid parameterizations of complex flow in the soil and over the surface. In fact, many of the components of existing conceptual models might be considered as potential subgrid parameterizations in this context. A framework for doing so has already been provided by the discrete element Representative Elementary Watershed (REW) concept of Reggiani et al. [1999 Reggiani et al. [ , 2000 although the definition of appropriate parameterizations of the subelement complexity in relation to the boundary fluxes (the closure problem) is an outstanding issue. SUMMA [Clark et al., 2015a [Clark et al., , 2015b ] has a similar structure but addresses the closure problem by implementing multiple alternative process representations. Such parameterizations may need to be scale dependent because of differences between celerities and velocities in the response, particularly in simulating transport and water residence times [Beven, 2006; McDonnell and Beven, 2014] . Connectivity of different elements will also be an issue, and can be shown to lead to hysteretic and nonstationary storage-discharge relationships [e.g., Emanuel et al., 2014].
Viewed in this light, the idea of a Community Hydrological Model might provide a real opportunity to rethink the way in which closure schemes for different spatial and temporal discretizations are formulated. It is not necessary that these should be based on the types of conceptual models that have been used in the past. Indeed, there are good reasons why they should not be. There is a need for a community effort to define how the subelement parameterizations might be more properly formulated at different spatial scales and in different hydrological regimes. As far as we know, there has only been limited effort toward this end based on field, rather than model, evidence. Such an effort would require facilitating interaction between the field and modeling community in hydrology, something that has been called for before [e.g., Dunne, 1983; Seibert and McDonnell, 2002; Silberstein, 2006] . Perhaps we can now identify a real driver to do so. That is not to say that there will be a general agreement about what such model components should look like. Thus, a community modeling framework might be easier to justify than a community model.
There is then an issue, however, of how to convey to potential users of such a system what might be the best model components included in the framework to use for a specific application or purpose. This would be necessary if such a framework was to be considered as a reference model, as might be required, for example, in providing evidence in court cases. It has been the case in the past that decisions in such cases have been made despite (or even in the case of the Experimental Rock Facility at Sellafield, UK, because of) the model outputs presented in favor of one side or another being in total disagreement. This suggests that as well as a framework that provides a guide for good practice in using a Community Model, a guide to how to assess uncertainty would be needed. Unfortunately that is something else that it has been difficult for hydrological modelers to agree on (see, for example, the discussions of Clark et al. [2011 Clark et al. [ , 2012 and ) so that again different options might be needed.
How Would a Community Hydrological Model be Used?
One of the reasons why the effort in hydrological modeling has been so fragmented is that there are many different types of applications for hydrological models in many different types of hydrological environments. Some of the referees on this contribution suggested that, while a community modeling initiative might be useful in developing hydrological science, there will still be a need for a variety of models and types of models to address particular practical applications, in part because of the difficulty of generalizing the application to places with particular characteristics [Beven, 2000; Bl€ oschl et al., 2013] .
We can see this point of view but would like to suggest a more positive view that might result from the community coming together to agree the scientific concepts on which a community model might be based. The aim would be to produce tested concepts that could be applied ''everywhere'' (in the sense of understanding the domain of applicability of different process representations), with simulation outputs presented in a way that could be used directly in local applications, including the possibility of running local what-if simulations. The science would be a matter of testing and benchmarking competing process representations and not only including all possible structures into a framework such that users would then have to decide for themselves what to use. In this models of everywhere approach, the applications would then contribute to the science by feeding back information about situations where the suggested representations appear to fail. This is one way of dealing with the problem of uniqueness of place, as a form of learning process that will, over time and albeit slowly, improve the science [see, e.g., Beven, 2007; Beven and Alcock, 2012] .
It is worth noting in this respect that having a model with higher resolution or more realistic process representations is no guarantee of success in producing acceptable simulations for particular applications in particular places where there will be lack of knowledge or epistemic uncertainty about local characteristics [Beven, 2000; Tromp-van Meerveld and Weiler, 2008; Beven et al., 2015] . While some databases of model parameters have been produced for particular modeling concepts, such as the tables of Curve Numbers for the SCS infiltration model, the default parameters for SWAT (Soil Water Assessment Tool), or the databases of model parameter values for the land surface parameterizations of global circulation models, there is still a need to resort to calibration in hydrological practice (for a recent SWAT example, see Malag o et al. [2015] ), even if this is not always done with uncertainty estimation. A valuable result of a community model initiative might be to encapsulate this experience in both defining prior distributions for parameter values needed to run a model, and documenting model failures.
For many applications, the resources involved in running such a model would not be justified. This might be less of an issue, however, if it was only necessary to access an existing model of everywhere running somewhere in the cloud, to get the outputs required for a specific project at either local, regional or national scales [e.g., Vitolo et al., 2015; Wilkinson et al., 2015] . In time, it might be possible to provide such outputs with associated uncertainties, uncertainties that might become increasingly constrained as more was learned about local forcing and local characteristics within the model domain. Feedback from users and stakeholders about where such a model was performing well or badly would then be a major driver for model improvement and uncertainty reduction . The type of simple models that are calibrated to available data for specific sites would then gradually become redundant.
Can a Community Model Attract Buy-In?
We have proposed that a Community Model might provide a useful opportunity to take a new look at the way that hydrological science and learning is formulated and used. Is it therefore a little na€ ıve to suggest that a Community Model Framework might attract significant buy-in from the hydrological community? For the research community, it could provide a useful platform for testing different modeling concepts (such as the improved REW scale-dependent closure schemes, or the different uncertainty estimation methods noted above). For the user community, it might be less attractive given the existing investment in currently available modeling packages, both open source and commercial. The packages can and do already serve as reference models given, at least in some cases, their long-term support from government agencies or commercial companies. The history of the U.S. EPA supported HSPF rainfall-runoff model can be traced back all the way to the Stanford Watershed Model of the early 1960s [see Crawford and Burges, 2004] . In Sweden, SMHI have consistently supported the HBV and HYPE models for national and international use. DHI has supported both the development and commercialization of the SHE model since the late 1970s. However, since application and questions to be answered with hydrological models become more and more interdisciplinary (e.g., urban hydrology is not only runoff generation on paved areas into a sewage system, but should include distributed infiltration, surface-groundwater interaction etc.), users may see a long-term benefit in investing into a Community Hydrological Model that can be applied in a wide range of cases and climates, particularly if the outputs from such a model are readily available everywhere.
It may be the critical issue that some sort of support is surely necessary for the long-term maintenance and survival of any such community initiative. Individuals might propose or provide alternative or additional routines for an open source community model, but there needs to be a structure in place that allows for a structured program of version control releases that requires continued support. In the past, this has been provided by national agencies (e.g., NCAR, USGS, SMHI, MeteoFrance) or commercial companies (e.g., DHI), Associations (such as the OpenMI Association) or Universities (such as the Earth System Modelling Framework at the University of Illinois devoted to particular models (e.g., VIC, Topmodel), but clearly widespread buy-in for a Community Hydrological Model would be made easier by some established funding for supporting the system. To obtain such funding would, of course, require a demonstration that existing model frameworks were not, as yet, adequate and community agreement on the perceptual framework needed to do better.
There are still too many models in hydrology. And the issues of closure schemes and uncertainty estimation still remain to be resolved. If it would appear to be too difficult to get the community to agree on a common perceptual framework on either process representations or the assessment of uncertainty (the IAHS Workshop in Bertinoro, Italy, in 2007 did not lead to much agreement about the latter), then perhaps it is in the interests of hydrological modeling researchers to participate in one of the community modeling initiatives that are already under way (WRF-Hydro, SUMMA, CLM, CSDMS-WMT. . .) and which have already had to deal with issues of defining the necessary data structures and interactions between components. Learning from the experience of different applications, and making the framework freely available, might help to define guides to good practice for the practitioner (see also the condition tree framework for recording such choices discussed for flood risk mapping applications in Beven et al. [2014] ).
Summary
This commentary raises issues that we think could usefully be address in the context of a Community Hydrological Model. Some issues are fundamental to hydrological science: how should scale-dependent process representations or closure schemes be defined? Others are more practical: how should such a community initiative be supported and how can it attract buy-in? We do not provide answers as to what such a model should look like or how competing process representations should be tested. We do suggest a pathway toward agreeing on a model structure and the models of everywhere learning process that involves feedback from applications and local testing. We suggest it is an open question as to whether such a model could be programmed in a way that is agile enough to enable this learning process. While there have been a number of initiatives toward hyperresolution models and community modeling frameworks, it remains to be seen as to whether these can be developed to generating real advance in science and practice rather than reflecting the current status. It might at least be worth investigating what these current initiatives have to offer and if you feel they are lacking in some way, work within such a framework to remedy any deficiencies. 
Notation

